RESPONSE UNDER 37 C.F.R. § 1.114(c) Attorney Docket No.: Q94561 

Appln.No.: 10/579,790 

REMARKS 

Claims 1-5 and 7-10 are pending. 

Applicants note with appreciation that claims 1-5 are allowed. 

Claims 7-10 were rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Buckmaster (US 5,045,605). 

This rejection should be withdrawn because Buckmaster does not disclose or render 
obvious the present invention, either explicitly or under principles of inherency 

Present claim 7 relates to a fluoro-polymerised material comprising a fluoropolymer. 
The fluoro-polymerised material has a volatile matter index of not higher than 15 and a yellow 
index of not higher than 2. 

The Examiner acknowledged that Buckmaster does not disclose the volatile matter index 
or yellow index. 

However, the Examiner states that the volatile matter index would implicitly be achieved 
by a composition of Buckmaster. 

Applicants respectfully disagree. 

Buckmaster discloses that a third sample of this same bead polymer was exposed to 
humid air at about 360 °C for thirty minutes to remove unstable groups. See column 11, lines 
60-63. In this example, the polymer is NOT subjected to melt-kneading in a kneader. Thus, the 
volatile matter index of the polymer of Buckmaster is higher than 15. 

US 4,626,587 (Morgan et al.) is provided as an evidence. US 4,626,587 discloses 
backbone volatiles index (BVI) values of extruded and fluorinated pellets. See column 6, line 62 
to column 7, line 35 and Table IV. Extruded, sheared and fluorinated pellets have a BVI of not 
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higher than 15 as shown in Table IV. In contrast, the BVI of fluorinated flake (not subjected to 
shear) is relatively high and are all greater than 15. 

Therefore, the polymer of Buckmaster is different in volatile matter index from the 
claimed fluoro-polymerised material of claim 7. 

In view of the above, present claims 7-10 are not obvious and are patentable over 
Buckmaster. Reconsideration and withdrawal of the §103 (a) rejection based on Buckmaster are 
respectfully requested. 

Allowance of claims 1-5 and 7-10 is respectfully requested. If any points remain in issue 
which the Examiner feels may be best resolved through a personal or telephone interview, the 
Examiner is kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 
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EXTRUSION FINISHING OF PERFLDOR1NATED 
COPOLYMERS 

CROSS-REFERENCE TO RELATED 5 
APPLICATIONS 

Thin application is a oonttouatton-in-part of applica- 
tion Ser. No. 371,198. filed Jan. 16, 19B4, now aban- 
doned. 10 
FIELD OF THE INVENTION 

This Invention relates to treatment of raw perfluori- 
natcd copolymers to improve their thermal stability. 

BACKGROUND 15 

The aqueous dispersion copolymerization of tetraflu' 
oroethylcae (TFE) with perfluorinated alpha olefins 
such as hexafluoropropene (HFP) produces a raw prod- 
uct which must be further treated or "finished" before 20 
being melt fabricated into a useful final product. A 
major purpose of the "finishing" is to remove all 
sources of volatile* which could cause bubbles or voids 
in the final product , , , 

Several sources of volatiles can exist In the unfinished 25 
or raw polymers including; unstable endgroups and 
unstable backbone linkages. Various types of endgroups 
are possible but use of the common persulfete 
leads to carboxyllo add endgroups. The degree 



Specifically, the process of this invention is a process 
for preparing a thermally stable copolymer which 00m- 

Pr ^subjecting a raw (i.e, as polymerized) melt-proe- 
s essible copolymer of 80-99% by weight unite of 
tetrafluoroethyiene and complementary 20-1% by 
weight units of at least one. ethylenically unsatu- 
rated copolymerbable comonomer, which copoly- 
mer has a backbone volatiles index greater than 13 
0 and a melt viscosity between 10*and lQSPa.s, to an 
absolute pressure of less than 10 s Pa and at a tem- 
perature of between 22C C and 450* C while 
moving the copolymer through a twin screw ex- 
truder and subjecting the copolymer to a shear rate 
5 between 500 and 7000redprocsl seconds for a tone 
sufficient to result In the copolymer having a back- 
bone volatiles index less than 10; and 
(b) removing the copolymer from the extruder. 
Preferably, the twin screw contains kneading blocks. 
Preferably, an absolute pressure of less than 10» Pa 
will be employed. ... . 

Preferably, the copolymerizable oomonomer will be 
hexafluoropropylene. 

Preferably in step b), and particularly if subsequent 
finishing steps are to be carried out such as filtering or 
fluormating, it is most convenient to remove the poly- 
mer from the extruder by attaching another extruder or 
another melt pumping device to the chamber and re- 
moving the copolymer simply by extruding it through 



volatile* at fabrication temperatures as was discussed in single screw extruder. 
U.S. Pat No. 3,085,083 (R, C Schreyer). The polymer 
endgroups after extrusion may also be vinyl 
(— CF=CF2), difluorohydride ( — CF2H), internal ole- 
fin [-CFs=CF(CFz)CF3,-<CF2) B CF3, or carboxyHc 
acid fluoride (— COF). The relative amounts of these 
ends Will be dependent on the extrusion conditions, the 
type of""' 



DESCRIPTION OF THE INVENTION 
TFEc^lymers are n^P^tef^f * 



tainmg reams for instance, TFE/alpha olefins such as 
TFErhexafluoropropylene copolymer. These melt- 
wocessable fluorine-containing reams are mek-flowa- 
We, that is, the melt viscosity of these resins is generally 
lower than 10' poises at an optimum processing temper- 



lyze the decarboxylation, and moisture level. ^ ™^ th ^ott, they provide a film having 

The second source of volatuesis beUeved to be due to 'jgjTJ 1 ^ i compared with polytetrafiu 
the presence in the polymer backbone of relatively £Tj Udh has e^dlem chembal and corrc 
unstable linkages which thermally degrade during fabri- b t ^ no me ^fl ov ^uity or melt-processa- 

catlon. These links may be present even if the polymer * sinC4 k has ^ extremely high melt viscosity of 

has stable endgroups directly from polymerization. The ^ ^ > 10l0 p g „ t ft — — * °<"» 

elimination of most of these links is desirable to achieve g^Src. 
a low volatiles level. The structure^) of the unstable appr0ximate .hear rate c 

backbone linkages m perfluorooopolymers have not taavtffytmto, 
been Identified but appear to be csomonomer diads not 
involving TFE. Thus in TFE/HFP copolymers the 50 

unstable backbone linkage arises from two adjacent « « ' t 

HFP units. The volatiles arising from initial thermal 
degradation of TFE/HFP copolymer flake (unfinished) 
are very rich In HFP monomer. The level of unstable 
backbone linkages k HFP/TFE copolymers appears to 55 
be an Inverse function of molecular weight (and melt 
viscosity). This suggests that the HPF diad forms by 
combination as the termination mechanism m iwlymerf. 
zation. Regardless of the structure of the polymer back- 



o«shear rate, S- 1 

Da; diameter of the screw (millimeters) 

N= revolutions per second 

hothe distance between the screw and the barrel 
wall (in millimeters) 

SheaVrates will be highest at the screw tips and 



problems with bubble formation during melt fabrica- 
tion. 

SUMMARY OF THE INVENTION 



C with the preferred range from 240* to 400* C 

The residence time employed la that needed to reduce 
the backbone volatiles index to the values recited 



It has been found that unstable backbone links may be 65 above. Generally this will be between about 1 and 



„» 1 Of high shear such as in a 

twin screw extruder which is designed to achieve good 
mixing and high shear. 



removed from the extruder contains 
if it has poor color, these prob- 
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lams can be eliminated by fluorination. The fluorination Pa,s U calculated as 53 17 divided by the observed extm- 

may be carried out with a variety of fluorine radical sior. rate in grams per minute, 

derating compounds under a variety of conditions as The tendency of fluoropolymer to give bubbles _ dur- 

dScribed in British Pat No. 1210794. Preferably the big fabrication has been previously measured by a "vjt 

polymer is contacted with a fluorine/inert gas mkture 5 atile. Index" test. This test ^^^ ^^ 

at an elevated temperature which is below the melting up by heating a polymer sample to 380 C, This r*««"* 

dance time may be 30 minutes to U hours, with a longer A modification ofthe ^ "Jz 

time being required with lower temperatures, A » ^ tobU ^ t £^^ n ^ e X 

red analysis as described in U.S. Pat N ^fJ?i 3 ' JJ5 hours. The tube is reevaluated to remove the 

If the realn to be processed I attains -^F=CF 2 end ^ n ° u then the tube U placed in a hot block 

groups or end groups which are convertible to m . c . for at ^ 40 minutes. The pres- 
_CF=CF 2 end groups, then acid ^^"^ 25 f^Xga are recorded a« a function of time. Tbe 

ends may form by oxidation of the -f*^*»J««* backbone volatile, index is calculated by the following 
Acid fluoride ends are resistant to stabilization tech- 
niquefi such as fluorination and thus should be mini- 

mized during the extrusion process. This may be done in _ 
two ways (1) The flake and the flake handling equip. M 0acilX5M v.i. - ^^LL. 
merit may be sparged with nitrogen to remove atmo- 
spheric oxygen which might otherwise oxidize the vinyl pressures of the sample in 
end groups, (time of contact with nitrogen wUl be a time ^^i^^^^tff^ehot block, V is the 
sufficient to essentially remove all absorbed and ad- "m Hg ane^iuana w muiu«w w E^Ljriu fa 

extruder with the polymer SO that any acid fluoride ends %£^!E5i" PtffS as described above, a 
^^^f^^^ 1 '^"^^'^^^ high 4ackbo^ volX index" indicates a relatively 
ends. The required level of mojsture addition depends Ngn i SV elof iwlym^hidn backbone unstable linkages 
on the level of add fluoride ends which in ^.depends *l£^JS5S& °Zle and give volatiles and 

m of the resin nich as into 
ig onto wire. The "back- 



a moiaea arncie pr ■» a h»«"6 " — 

oo ociwccjj u.j-i.j /u i/j wv. t M. _ r _, _— - vobitllasmdex" should be less than 10, to avoid aii 

Theapplicationofvacu^ ^StSSSSSSw^ friction which is 

remove gases from resm degradation, excess water (if 7^1^, ^ the reBin orooerties, 
used), and low molecular weight fluOro^Ugomer, 45 ^£rtf £ e^S and fluorinated 

It should be apparent that technic^ other than fluo- ^^"d^erSby projecting white light onto a 
rination may also be utilized to ehmtaate^table end- ^^^^ the roflected light through filters 
groups. One such method K bwnid heat treatment dte- ^Z^Jttfa a photocell. A high percent green 
closed in U,S. Pat No. 3,085,083. f^cn^ecbaice mdlcates a high level of whiteness of 

Certain initiator, such as the f**"^***^ 50 tiTe^rS^lorimeter used in the examples was a 



directly from polymerization and therefore do not re- ^ of ^ ^g^xuaxi fa dependent Upon 
quire fluorination. ^ ftever ity of (he extrusion conditions, the level and 
Test Procedures 
Standard melt viscosities of the polymers were m 
Hired according to American Society for Testing a 
Materials test D-1238-S2T, modified as follows: The 
cylinder, orifice and piston tip are made of a corrosion- 
resistant alloy, Waynes Stellite 19, made by Haynes to EXAMPLES 
Stellhe Co. The 5.0 g sample is charged to the 9.53 mm Reduction of Backbone Volatiles b, ~ 

charged to the cj 

mm (0.0825 inch) 

re edge Orifice under 




kPa(t 




grains. This corresponds to a shear stress of 44.8 
(6.3 pounds per square inch). The melt viscosity fa 
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TABLE I-continued 



BXTMJSION DATA - 0tAl^LB9 i^NPj_ 




below to giv« products Having a reduced tendency to 
form bubbles upon melt-febrioatiqn. 

The experiments were carried out with a twin screw 
extruder, equipped with a vacuum port and vacuum 
system, which fed into a single screw extruder which s 
was also equipped with a vacuum port and a screen 
pack and die. The twin screw extruder served as a resin 
melter and a reactor in which the desired backbone 
stabilization was conducted. The single ecrew extruder 
was used as a melt pump to generate the pressure neces* 
sary to move the resin through the screen pack and then ^ extruded pellets had the melt viscosities shown 
the die. Vacuum was applied to remove volatues from ^ TaWe L The pellets were gray-brown in color as 
the molten resin. . uw indicated by the low % O values (also in Table I), End- 

The extrusion equipment described above is a Kom- indicated that the pellets still contained 

biplast" extruder from the Werner and PfMderer Cor- 15 ^^Ne endgroups, especially the sample of Ex- 
rnretwn. Corrosion-resistant materials were used for 2i ^ p^Bts were then exposed to fluorine gas 

those parts which came into contact with the polymer w j^ pro yg co ior ftn d eliminate the remaining unsta- 
melt. The twin-screw extruder had two corotating w endgroups. 
screws disposed side by side. The screw configurations nn „ . ± . 

were Zed with an intermeshing profile and tight *> Subsequent Fluorination 

clearances, causing them to be self-wiping. The screw A fluorinadon reactor was used, which was a modi- 
configurations included kneading blocks and conveying fiwJ double ^ blender equipped with gas inlet and 
sections but the highest shear occurs in the kneading V(fflt ejections and an electric heating mantle. The 
block sections. The screws contained three matched dipped down mto the tumbling particles and 

kneading blook sections. In addition to the tight clear- « vent poijltcd „ p ^ the vapor apace and both were 
ance in the kneading blocks, high screw speeds (up to heJ(J fita donary within tie rotating blender. The poly 
162 rpm) contributed to the high shear. mer pellets were placed in the reactor which was then 

The twin screw extruder emptied into a angle screw ^ IoMiQn WM begun at 5 rpm. The polymer 

melt pump which was designed to generate pressure at „ were heato d with the electric mantle on the 
low shear rates for filtration through the screenpack. *° j: eactor ^ also with hot fUtered air. When the polymer 
The single screw extruder had a vacuum port at its rear the dcsired temperature, the air stream was cut 

where the melt arrived from the off and a vacuum was applied to the reactor to remove 

**" - " f " — Mtt " rKnt H ** 8 - ail sir A mixture of fluorine/nitrogen (25/75 volume 

%) was fed through the reactor for the desired time 
period while rnaintainbg the temperature with the elec- 
tric mantle heater. The conditions of fluormation are 
' is Table II. 



The die contained either 15 or 28 (larger number of 
die holes was used with higher viscosity resin) 2.5 mm 
diameter holes and the extruding melt was melt-cut into 
pellets which were cooled by a stream of water. The 
pellets were cylmdrically shaped about 3.5 mm in diam- 
eter and 1,5-3.0 mm thick. 

The details of the extrusion conditions are shown in 



TABLE n 




Tempcranir. sWfcg 



1W C. 
1WC. 



HotoUp Time, $ 

Vacuum Port Prewurt QtPft) 



At the end of the fluormation cycle, the fluorine and 
the electric mantle heats were turned off and the reactor 
50 was once again evacuated slowly. The residual fluorine 
was then purged from the reactor with nitrogen. The 
rlrog^ purge was checked for fluorine with moist 
pXsiuni bdlde paper (paper will darken in presence 
offluorW When the fluorine was gone, the £■ to* 
55 was switched to cold air for cooling. After the batch 

ras cooled, it was dropped. 

The endgroup analyses showed ^ almost ^conrplett .re- 
moval of all unstable end groups. (See Table ID) Other 
analyses of the fluorinated pellets are shown In Table 
IV. The color of the pellets was clear white and this is 

mdlcatedbvthehi«h9feG valnes. 

The "backbone volatues index " (BV1) yaldes ol the 



HoldUp 



>TUM,t 



The "DacKOone voianies »«» v » v - 
extruded and fluorinated pellets shown in Table IV 
all well below the maximum of 10 which is behevedto 
& be necessary to permit bubble-free fabrication. The 
^ ^ackbo^volatilerindex'' of the flake (fluorinated to 
remove endgroups) from which fte examp « were 
extruded are also shown in Table IV and are all greater 
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than 15. It is apparent that the shear generated during 
extrusion is necessary to achieve a low "backbone vola- 
tiles index." 

TABLE in 



IP ANALYSES 



traded with water addition contained no detectable acid 
fluoride ends. 

Another experiment was carried out to show the 
effect of nitrogen Bparging on acid fluoride end group 

3 formation. The ssnmc polymer feed and the same equip- 
ment were used as was described above for the experi- 
ments with water addition. It was found that sparging of 
the flake in the extruder feed bin to remove essentially 
all absorbed and adsorbed oxygen was not effective In 

10 reducing acid fluoride ends. However, when the flake 
was sparged with nitrogen under reduced pressure 
overnight and then fed to the extruder through a nitro- 
gen blanketed feed system, no acid fluoride end groups 
were found in the extruded product. Apparently, the 



RA, - not Milyicd. 

•TWO tym flf-COjH udgnupiin 

mil mi At dtauric or hydra$ra ba 



TABLE IV 


EX. 


Fluorlnaled 
Flike 

(Not wheeled 


Ext«4«4 »nd 
Sheaisd Mtett 
(But not Fluori- Eittrui 
«"ed) ..... _a<!£ 


ttd. Shtt 


red and 


Sum- 
P»?._ 


MV 

jcFa-t avi 


MV MV 
kP« - 1 * G WPi • « 


BV1 


*°_3< 


2 
3 


9.10 20 
J3.7 1? 
88 16 


9.3 S 8.67 
22.5 IS 14J 
66.3 S 43.0 


7,6 
5.7 
3.4 


31 
54 
49 





adsorbed air (oxygen) that a prolonged sparging was 
required. A control (no nitrogen sparging or water 
addition) for this experiment contained 22 add fluoride 
end groups per 10* carbon atoms. 
We claim: 

1. A process for reducing the backbone instability in 
a raw melt-proeessible copolymer of 80-99% by weight 
units of tetrafluorethylene and complementally 20-1% 
by weight units of hexafluorpropylene which com- 

P1 (b) subjecting said raw melt-pro ocasfble copolymer, 
which copolymer has a backbone volatilea index 
greater than IS and a melt viscosity between 10? 
and 10 s Pft-5, to a vacuum of less than 1C Pa and to 
a temperature of between 220' C and 430 s C while 
moving the copolymer through a twin screw ex- 
truder having intermeshlng corotating screws that 
are self-wiping and which have tight clearance, 
and subjecting the copolymer to a shear rate between 
500 and 7000 reciprocal seconds for a time suffi- 
cient to result in the copolymer having a backbone 
voltailes index less than 10; and 
(b) removing the copolymer from the extruder. 

2. The process of claim 1 wherein the twin screw 



Control of Add Fluoride Bndgroups 
An experiment was carried out to show the effect of 
water addition to a twin screw extruder, similar to the 
one used in the first section of these Examples, on the - - . - 
level of add fluoride endgroups in the extruded prod- 40 extruder contains kneading blocks. 
u^Th e feed waTa HFWTFE copolymer which had 3. The process of olalml or 2 wheremafterj step (b) 
bWpolySed with mixed APS/KPS initiator and the copolymer U contacted with fluorine gas while 
hadamdtvtocosity of 37.3 kPa.s and an HPP content of agitating the copolymer. waterte added 
10.0 weight percent The extrusion equipment was simi- 4. The process rf ^i°' 3 J^?£ I -n^o v e S 
2ar to that described above except on a imaller scale. A 45 to the extruder in an amount necessary to remove au 
28 mm twin-screw extruder fed the polymer into a 38 acid fluoride end groups. 

%ZS&™J^£& 1 ESi a screen J. The process of claim 1 * £ 

pack iSd die The rerin was extruded with and without (a), the copolymer us contacted with ^&*!<* 
wrteVaddttion (1.0% directly to the twin screw feed sufficient to remove essential* all absorbed I and lad- 
too«)™ otherwise Identical conditions. The resin SO sorped oxygen from the copolymer immediatdy pnor 
extruded without water addition contained 37 add fluo- to carrying out step (a), 
ride ends per 10 s carbon atoms whereas the resin ex- 



